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The described tracking head is designed for a joint

- operation with the diffraction spectrometer for the measurement

~of solar radiation in the far ultraviolet. Its task consists in
directing the mirror-reflected beam of solar rays into the spectro~
meter's slit for different positions of the specirozeter. The
srequired precision of luminous flux direction into %he slit is

of %10 angular minutes.

‘ The constructive-kinematic layout of the tracking head

vis brought out in Fig.l. The photographic view of the tracking
‘head's block is shown in Fig. 2. fThe exterior frame 2 1is faste-
:ned to the support 1 . The axis of the frame is connected with
the motor by mezns of a reductor. A mirror 4 is fastened together
with a pivotal axis 5, to the exterior frame. The svstem is set
in votion by the motor 6 through the reductor. In tie figure it
is concealed inside a casing. The axle 5 and that of the mirror
~ 4 are parallel. Thev are linked hy » crank 7 ascuring a 1 3 2
transmission with minor anguler errors. ‘here is in the frame s
an aperture through which the mirror-reflected luminous flux pene-
trates into the spectrometer. & solar pickup 9 is instelled on
the exterior frame, while pickups 8 and 10 are fastened to the

axle 5. The sensitive parts of these pickups are constituted by
photo-varistors.
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Figel~ Constructive-kinematic layout of the layout of
the tracking head.

1 — supyport ; 2 — exterior frame ; 3 — motor assuring rotation

relative to the longitudinel axis ;3 4 — mirror ; 5 — inner axle ;
IS

C — motor assuring rotation relative to the transverse axis ;

7 —crank ; 8 — pickups of rough orientation in the longitudinal
direction ; 9 — ibid. for the trensverse direction; 10 — pickup
for a vrecise orientation.
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Fim, 2. Lxterior view of the tracking head block.
1~ 10 sec Jig.l,., 11 — Balancing loads of the mirror ; 12 — b,l.
of tre exterior frame ; 13 = Dal.load of nart: of tie inncr axle ;
14 and 15— screens of the roush orientation wpickuns.



The bloc..~-diagram of Fig, 3 refers to rough orientation
pickups. A visor 2 is fastened to the stand 3 over a pair of
photo=-varistors 1, symmetrically disposed relative to the axis
00', When the pickup is illuminated by a beam of light parrallel
to the symnmetry piane of the photo-varistor pair, the visor shades
the operating surfaces of that pair equally. The visor's dimen-
sions are so selected, that its shade cover half of ecah photo-va-
ristors' operating surface. The photo-varistors are disposed at
an angle of 45° with the symmetry plane so as to increase the pick-
up's visual field., In the given case it exceeds 240°,

The pickup 8 (Fig.l) acts relative ot the head's trans-
verse axis, It constitutes a single node represented in Figz, 3.
The pickup 9, overating relative to the longitudinal axis of the
head, is divided constructio-wise (along the symmetry plane) into
two halves spread along the framework of the exterior frame 2.

In the latter case visors are made in a form of an arc, so as to
ensure the pickup's operation within a great angular range relati-
ve to the Ltransverse axis.

Pickups 8 and 9 cannot sirnultaneously assure a large visual
field and a high tracking precision, for if the visual field is
large, specks of reflected light from verts of the head and of
surrounaing objects may hit the sensitive psrts of the instrument.
Thus the problem of these pickups amounts to "search” for the Sun
and to a rough orientation to its center., Fickup 10 serves for a
precise orientation. In order to assure a precision of not less
than Z10 angular minutes for the luminous flux' direciivn Loward
the slit, the pickup nmust guarantee a precision in aiming at the
Sun substantislly exceeding the indicated allowance. This is mnade
neces-.ary on account of the por:ibility of ap.carance of errors
created by construction and setting up elements that lead to errors
in the crdentation of the reflected flux,

“he obtention of high tracking precision is linked as a

rule either with the utilizetion of lonz~focus optical systems,
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in which the image of the Zun is constructed on the surface of

several sensitive components [1], or of systems in whose focal

plane an obturator rotates (with a single sersitive clewent) [2].

In view of the small size of the head's
block, the application of the indicated
systems was excluded. Basically, the sa-
me principle was applied td the construc
tion of the precise pickup with some va-
riants than that for the rough orienta-
tion pickup.

A1l elements of the precise vick
up were merged into a single node, above
wﬁich a general circular visor was pla-
ced. This pickup enits deflection sig-~
nals by both axes. In order to shield
it from the effect of alien light ref-
lections, the pickup was placed in a
protective glass, limiting the visual
field of the sensitive elements. Lxperi-
maents have shovn that the apilied con-~
struction of the pickup had assured the
required aiming precision. Tor a change-over

mes from the rough to the precise, a special

vhoto~optical pickup was applied. The change=~
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Fige 3.- Dlock~dicgran
of the rough-oricntation
pickup.
in the tracking regi-
commiutator with a

over takes place at

Sun's appearance in the visual field of the pickup designed for

a precise orientation. Construction-wise the
vias built-in around the pickup's 10 support
visor is fixed. It may be seen in Fig. 2, how
at the front end of the pickﬁp 10.

The pover-iriven motors 3 and 6 with

photo-optical vickup
on which the circular

the objective is fixed

the reductors are

respectively placed on the support and on the exterior irame.

Doth motors are oriented along the tracking head's longitudinal

axis. This is meant for creating lighter conditions for the motors

from the standpoint of overload efiect. 211 the mobile elements



vere carefully balanced by special loads. Fig. 2 shows the balan-
cing load: of the mirror — 11, of the eciterior frame — 12 and of
the parts of the interior axle — 13%. The same figure shows the
screens — 14 and 15, shielding the rough-orientation pickups from
strong aliens brightenings not connected with the Sun.

for its courling with the spectrometer the tracking head's
block 1s provided with a bacic surface relative to which the orien-
tation of the mirror-reflected beam precisely takes place. The given
traciking head's conctruction layout zlliows the tracking of the Sun
within the folloving engle limits : 120° in tlc plane normal to the
longitudinal axis, and 110° in the plabe pervendicular to the trans-
verre axis.

Whe priniciple of the tracking head's electrical circuit

is preczented in Mig, b,

£
TH M
Fige 4o vinpiificd circuit Jiszrasn of the
tracking head.
Ry - Rps — resistances ; 1‘1 —P5 — relays ; & — motors ;
Rq, ~ vhoto-varistors ; T M — Telemetry contacts.
It mey be seen from the circuit diagram t:zat the three-posi-
tion vpolarized relays constitute the anplifving elements. The coils
of these relays are inserted into the . iz~onals of four bridres,

wiiose two sloulders form the vhoto-varistors Rtb s and tvo other —~



permanent carbon resistors. There are five bridge circuits in

Fig. 4: two circuits controlling the tracking in a plane normal

oF

o the longitudinal axis, — precise in the relay P& and rough

i

ot

1 the relay Pp; two circuits for tracking in a plane normal to
the transverseaxis with the P3 and P4 relays in the diagonals.
Desides, thcre is a change-over bridge circuit from the rough to
the precise tracking, consisting of one photovaristor pickup's
switch, of three permanent resistors and of a two-yosition vola-
rized relay Pg. The switch assures the change-over of the feed
from the rough to the precise tracking bridge circuits.

For the control of the head's operation, signals from the
switech and from the motor control circuit are fed to telemetry
channels TM, reszpectively through the divider Rooy R23 and from
the rcsistors R6 and Ryp. D.c. assures the circuit's feed.

The movement of the tracking head operates in two velocity
regimes : 1) Ysearching" of the Sun and rouzh guiding, regine
waich is conditioned by the assigned minimum search time ; 2) pre-~
cise tracking renime selected from the conditions of optimum
tracking dynamics.

The reductors' transmission ratios, the velues of the resis-
tors Ry sy Rz 4 Ry R , Rg and Ryjo influencing the damping magni-
tude, and also the values of resistors R-, R5 and Rg » Ryq influ-
encing the velocity magnitude have been determined by dynamic
computation. A1l the parts of the electric circuit, with the excev-
tion of motors and photo-varistors, were placed in a svecial comuu~
tation block (switch) installed inside the spaceship-satcllite
The block itself consists of a frame on which fastened are the po-
larized relay, and of two bracecd panels,for the fastening of the
circuit's compcnents.

The oweration of the vhole tracking system toock place

as follows :



In the cbsence of luminous flux the resistors of sensi-
tive elements are practically identical. At the séme time the
bridges are equilibrated, the contacts of the relays Py P2, P3
and P, are in a neutrzl position, the motors -~ disconnected.

The feed of rough-orientation bridge circuits ias ascured by
switching on the contact relay P5.Inasmuch as the maznitude of
the dark resistor R¢ is very great, the consumption of pover
by these circuits is small. At illumination of any of the rough
orientation systenm's photovaristors, the ecuilibrium of the cor-
responding bridge circuit is disrupted and the current besgins

to flow in the diagonals. it reaching thc operation threshold,

the relay provokes the closing of its contact and the notor con-

nection. The motor then will turn the pickup toward the direction

where the difference in illumination of the vhotovaristor pairs
tends to decrease, i, e, in the direction toward the light source.
The motion will continue until the iliuminations of the photo-
varistors become equalized, lleanwhile, the bridge will be put in
equilibriuwm, and the relay will pass into the neutral position

disconnecting the notor.

4,12

PV

£ 10 e ,

Iige 5 = Liight charactoeristic of the photovaristor C-Kj.
The characteristic has been taizen at 30v with the help
of a tube KCHIi— 1000,



The feed change-over to the precise tracking orientation tales
place at time of Sun's hitting the visusl field of the photo-ovntical
pickup's regime switch. At the same time the rough orientation cir-
cuit is automatically switched off. The operation of the precise
tracking circuit is analogus to thet of the roush orientation.

Inasimuch as the mirror 4 (see Fig.1l) is fastened with the
frame 2, at time of turning relative to the longitudinel axis of

the head the normel of the mirror is brought into the plane conmon

to the direction toward the Sun and to the longitudinal axis of the
heed. The mirior will turn relative to the transverse axis at an
anszle twice smaller than the axis 5 (because oi the presence of

a rocker transmiszion) and will stop in a position for which the
beam of reflected solar rays is directed along the head's longitudi-
nal head into the spectrometer's slit.

Let us bring forth certain brief charccteristics of the system
and its separate parts.

Industrial cadmium sulfite typc- ¢C-KO ($C—K;) photovari-
stors are used as orientation and tracking pickups! sensitive ele-
ments. For the given type the spectral characteristic maximum is
in the rerion A» 6000 %, and the dark recistor Ry, 7 107 ohm [30).

The luminous characteristic I = f (E) for high values of
illumination of these photovaristors is plotted in ¥Fig. 5. The expe-
rinental data were taren by & xenon lamp of superhigh pres:zure
AICW — 1000, whose rediation has a specctral coiposition, close to

that oi the Sun in the visible re ion [4].

in ©ig. 6. “lotted is the dewcndence of the current in the bridge's
diagonal on the rotation angle of the pickup. The berginning of the
count is the symmetry plane 00' (Fig. - ). The experimental data were
taken in field concitions, and in order to protect the api.aratus
from sky's scattercd light, screens werc used. All picikup's sensi-
tive elements were shielded by glass 2 mm, thick, (In Fir. 2 glass

has been tzken away).
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Small d.ce. motors with indepondent excitation were used
for c¢riving pover. They were provided with com.utzctor bars -ond
brushes meace of ann alloy co.teining a great percentage of zold.
The mirror was nmade of fused cuartz, with its reflecting surface
being ¢overed vwith a thorium dioxide layer. .11 materials and
coverings were so selected as to achieve optimum thermal regime
conditions. The block ktsclf was mounted by muliiple-core cable

with a fluoro-stratifiecd iscleotion. This made the connecting zed-

dgets particulerly flexivle cno strone.
Polarized relays of the

2;’: PITC-5 and PNC-7 type of high sen-
sitivity were used, though at a

g4 - : rather great weisht. However, the

oL apprlication of any other lighter
relays with greater pover consump-

g2 tion, would have only led to con-
siderable weighting of feed sources,

g which would have overlapped the

‘ : | i 1 ; difierence in relay weigths.
7 70 20 aq 40 57 57

. . The vweipght of the tracking
Yime 6, Cheracteristics of the

rougn-orientation pickuu. head is 1.65 kg, that of the com-
Urdinates - current in the

bridge's c¢isconsl . ‘bscissa —
— Cerlcction & from the symme- pover consumption — 0.7 w.
tric position (in ensular min.)

mutation block — 2,65 kg. l'ean

The element tuning

was cariied out in field

conditions on a2 parallactic
stand of the AT -31 type

with the help of a special

WY

instaliation, as siown in A ,
Fize 7. Installation for tuning and
checking the tracking head.

was fostened at its basic I — auto-collimaztor ; 2 — control mirror ;
5 — traciing hcad's mirror ; 4 — precise
orientation pickupj; 5 — ©plcteau.

Tige 7. The traciting head

surface to thc plateau 5.

he nlane of the control

wizror 2 was extasliczed parallel to tliie basic surface A,
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The auto-collimztor axis along the mirror 2 was established per-
pendicularly to the surface A. After t e indicated preparations
tuning of the tracking head elements was efrected according to the
position of the Sun's picture on the auto-collimator's coordinate
gric. The same installation served to verify the precision of Sun
tracking, and that of the orientation of the reflected lisght beanm
during the tracking head's rotestion relactive an arbitrary axis.

The tracking head experirents have shown, t..at the preci-
zion in the direction and retaining of the beam in spectrometer's
slit corresponds well to the requirement for a csotisfactory tracking

dyneanmics,

Intered on 7 June 1961
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